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PIIAKtIACOLOGIC COUNTEKMKASURES 
FOR MINIMIZING POST-SPACE PLIGHT 
ORTHOSTATIC INTOLERANCE 


Introduction 


This interim report responds to the sponsor's request for an 
update on the status of the project Pha r macoloRtc Countermeasures 
for Mlni m izin.q Pos t -Spa ce Flight Orthostatic Intolerance . There 
is only limited progress to report because this project has been 
active fur only a short time and because its formal approval by 
the Institutional Review Board at NASA-Ames Research Center was 
delayed until January 1983 by a controversial aspect of its 
protocol . 

This project, however, is only one of many closely related 
projects which comprise a productive, long standing collaborative 
program with the Cardiovascular Research Laboratory (CVRL) at 
Ames. It is in tlie context of the overall collaborative program 
that the status of the current project will be reported. 

Programmat i c Background 

For nearly two decades the Stanford University Cardiology 
Division lias been collaborating with NASA-Ames Research Center to 
study the cardiovascular effects of spaceflight. The research 
effort has been focused in several basic areas: 

1. The development, improvement, verification and 
calibration of pliyslolog ic instrumentation ?nd 
Investigative techniques to permit the minimally 
invasive but quantitatively meaningful measurement of 
cardiovascular variables in nan and animals 

2. Basic research to provide a better understanding of 
cardiovascular physiology, the .altered physiology which 
might occur during and after space flight, and the 
character and iiechanisiis of cardiovascular responses to 
various types of stress 

3. The development and verification of human and animal 
models to facilitate the conduct of ground-based 
cardiovascular research and to expand the ethically and 
loglstically permissable scope of sucli research 

4. Basic researcli to determine tlie pharmacokinetics of 
various substances In normal and altered cardiovascular 
states 

5. The development and implementation of computer-based 
metliods to automate the acquisition, storage, display 
and analysis of cardiovascular data 
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6. The dcvelopi.ient and verification of nou-l nvas I ve methods 
for classifying Individuals according to their 
probable susceptibility to potentially harmful 
cardiovascular effects of space flight 

7. The development and evaluation of potential 
countermeasures to treat, minimize or prevent the 
undeslreable ca r<l 1 o vas c u la r effects of spaceflight 

8. The accumulation of a body of data from ground-based 
research in experimental models to he verified In future 
flight experiments 

The relationships among the projects which comprise this 
collaborative program are tlepicted on a time line in Figure 1, 
and ongoing and planned collaborative projects are listed in 
Table 1. 

The nature of individual projects has changed with time. 
There lias been a trend toward more specific definltibns of 
project scope and objectives as accumulated experimental data and 
flight experience have focused attention on specific Issues, 
problems and hypotheses. General physiologic Investigations have 
been replaced by studies which focus on identifying specific 
mechanisms of cardiovascular deconditioning and degeneration 
during spaceflight and of post-flight orthostatic Intolerance. 
In the area of instrumentation and investigative methods, efforts 
to develop fundamentally new technologies for measuring 
cardiovascular variables have been replaced in part by efforts to 
refine and adapt the teclinologies for specific, technically 
demanding applications such as preflight screening, chronic 
implantation in small animals or In-flight experinients. Another 
trend has been the evolution of project objectives from simply 
understanding flight-related cardiovascular physiology toward 
preventing, minimizing and treating the undeslreable 
cardiovascular effects of space flight. 

Similar trends have characterized the sequence of projects 
dealing specifically with the properties of drugs in normal and 
altered cardiovascular states. During the early 1970's, the 
emphasis was on studying the cardiovascular effects of drugs in 
research animal models or cardiovascular patients. Substances 
studied under a broadly scoped NASA program grant entitled 

£1. £ll£ ££il^l.££££££l.££ £££!.££ £.££!.£££ 

Ci rc ulator y Str e sse s included dopamine, lidocalne, morphine 
sulfate, digitalis glycosides, and n 1 t rop rus s i de , among others. 
Interest in the latter half of the decade focused on studying the 
alterations in drug disposition and elimination which could be 
attributed to bedrest simulated weightlessness. Lidocalne, 
peniclllln-G and Indocynine green (ICG) were studied under the 
grant entitled The K f f e c t of Space Flight as Simulated by Bedres t 
££ £*"££ mi iposi t ion which spanned the years 197 8 through 1980. 
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The current gr^nt follows u period of about two years during 
which there was no project funding to support Cardiology Division 
collaboration In <lrug-relate<l studies of the cardiovascular 
effects of space flight. Although the active grant award for 
this project covers a perlo<l beginning in Septenber 1982, the 
award was not confirmed by NASA until February 1983. Thn 
project's formal approval was delayed by tlie Institutional Review 
Hoard at NASA-Ames Research Center due to controversy concerning 
the administration of the drug propanolol to healtliy research 
subjects. The investigators Invested substantial effort in 
resolving the IRll controversy and in preparing for the study in 
anticipation of the award. Reportable progress is Limited, 
however, because this project has been truly active for only a 
short period of tine. 

Progress 

In order to present the project in perspective, this 
progress report will cover a period beginning in 1980, including 
the two year period during which there was no funding to support 
collaboration in drug-related studies. 

Drug disposition . Two groups of subjects were studied to 
determine the effect of bedrest on drug disposition and 
physiologic function. The first group was studied at the 
Stanford Clinical Research Center and consisted of twelve healthy 
male volunteers between the ages of A 5 and 55 years. Each 
Individual was administered an intravenous dose of lidocaine, 
penecillin-C and ICG during a control period and following 
seven days of bedrest in order to determine the effect of 
prolonged recumbency on drug disposition. In addition, cardiac 
function was evaluated before and seven days after bedrest by 
echocardiography. 

A second group of subjects consisting of healthy, normal 
male volunteers between tlie ages of 55 and 6 5 years was studied 
at the NASA-Ames facility. Renal function was evaluated before 
and after several days of bedrest. Inulin, pa ra-am i nob i ppu ra te 
and dextran clearances were evaluated during a constant Infusion 
protocol . 

Results of the study in the first group are summarized in 
Tables 2 througli A. In six of the subjects, ICC clearance 
decreased slightly after seven days. In the other six 
Individuals, ICG clearance was observed to be somewhat increased. 
It was found Chat the half-Jife, the clearance and Che volume of 
distribution of lidocaine were not affected by seven days of 
bed rest The pre- and post-bed rest values for half-life, 
clearance and volume of distribution were 1.73 + 0.2A and 1.79 + 
O.Al hours for the half-life and A. 59 + 0.67 and A, 67 + 0.69 
ml/min/kg for clearance and 0.68 + 0.13 and 0.70 + 0.10 l/kg for 
the volume of distribution. In non-of these cases was the post- 
bed rest parameter statistically different from the pre-bedrest 
value. 
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Penicillin Is almost totally eliminated hy renal function 
and therefore penicillin clearance provides a }»ood estimate of 
renal function. In this study it appeared tliat renal function 
did not clianije significantly after seven days of bed rest. As 
above, the half-life , clearance and volume of distribution were 
calculated. The half-life pre- and post-bed rest was 49.2 + 6.4 
ml a and 51.2 + 9.1 min. The clearances were 7.0 + 1.6 and 7.4 + 
1.9 ml/min/kn and tlie volume of distribution terms were 0.49 + 
0.1 and 0.53 + 0.1 1/kg. There were no statistically significant 
changes pre- and post-bed rest. These results have been 
[lublished (Kates RE, Harapat SR, Keefe OLD, Coldwater 0, Harrison 
DC: Influence of prolonged recumbency on drug disposition. Clin. 

Pharmcol. Therap. 28:624-628, 1980) 

Resting heart rate, end diastolic volume and systolic volume 
were all significantly changed, but cardiac output and ejection 
fraction were not significantly altered by bed rest. 

In the second group renal function was evaluated with 
Inulin, para-aminohippurate and dextran. As Indicated by the 
results summarized in Table 5, no changes were observed following 
seven days of bed rest. 

Protocol develop nent . Two relevant protocols were developed 
during this period. Funding could not be obtained for the first 
protocol, which had two objectives: to examine the early effects 

of bedrest on tlie disposition and elimination of propanolol and 
to examine the effects of menstrual cycle variability on the 
disposition and elimination of propanolol in females. The second 
protocol which was developed governs the conduct of the present 
l» ro Jec t . 

Studies underway . The studies which were planned for this 
project have been coordinated with another collaborative study 
which is Just underway at the Veterans Administration Hospital, a 
part of the Stanford University Medical Center complex. Twenty 
normal volunteers have been recruited to undergo cardiovascular 
decondltiong by water immersion and six-degree head down bedrest. 
The coordinate protocol includes pre- and post-deconditloning 
analyses of renins and catecholamines, pre- and post- 
deconditioning echocardiographic examination and propanolol 
challenges at the end of the deconditioning period. 

Plans 

The purpose of this project is to examine a potential 
pharmacologic countermeasure for preventing or minimizing 
orthostatic intolerance following space flight and, in so doing, 
also to Investigate the underlying mechanisms which produce this 
state. The working hypothesis is that beta adrenergic blockade 
alone or in combination with an anti muscarinic agent is an 
effective countermeasure for post-flight orthostatic hypotension, 
which has been observed frequently in previous prolonged space 
flights. The project addresses the folio v/ing specific questions: 
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1. What Ia the relationship between dose, or plasrui level, 
of propranolol «ind the change In heart rate, plasna 
renin activity and left ventricular function ilnrlnp, 
LBmP? 

2. What Is the relationship between dose, plasna level, of 
atropine and change In heart rate and left ventricular 
function durlnp, LIIKF? 

3. Are there differences between nen and wonen, athletes 
and non-athletes in regard to their dose response curves 
for propranolol and the combination of atropine plus 
propranolol? 

A. What Is the optimal dosage coribinatlon for prevent! Tig 
orthostatic intolerance in these groups of subjects? 

Work will continue with the water Immersion studies just 
beginning at Stanford and 6 - degree head d<iwn bedrest studies 
beginning at Ames this sunnier. At Stanford, healthy middle-aged 
volunteers and volunteers with mild hypertension will uhdergo 
six hours of water immersion followed by overnight bed rust. 
After this exposure subjects will be given a two hour stand test 
during which neuroendocrine studies will be done and 
cardiovascular responses will be nonitored by echocardiography. 
Control subjects will receive no nedicatlon prior to the stand 
te-t while a matched group of subjects each will receive 60 mg 
p.o. prupanolol as a pharmaloglcal countermeasure for ortliostatic 
intolerance. 

During the sunmer at Ames, healthy nen aged 35 to 50, half 
of whom will be endurance trained athletes, will be tested for 
orthostatic intolerance using three pharmacologic 
countermeasures. Two of the drugs, propranolol and atropine, are 
described in Figure 2. The third drug, phenylephrine, is a 
direct alpha adrenergic stimulator of vasoconstriction. It Is 
anticipated that aerobically conditioned subjects with high 
levels of vagal tone will respond particularly well to atropine. 
This subgroup, wliich is especially prone to early syncope, is 
fairly representative of the current astronaut population. 

The results from these studies will liclp to reveal the 
mechanisms which underly cardiovascular ducondltioning and to 
foster development of safe, efficient and specific pharmacologic 
countermeasures tailored to the individual physiologic 
characteristics of each member of a flight crew. 
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1; Collaborative Projects In the Cardiovascular effects of Spaceflight; 
which this report Is submitted. 




Tnble 1 


Onf*oinj» and planned cf» 1 1 n bo r a 1 1 ve projects 


Development of Ultrasonic Indices for Space Shuttle 
Fassen^er Selection (N’CC 2-1 and proposed for 
continuation) 


Kffects of Simulated Weightlessness on Regional 
Rloodflow Specifically During Cardiovascular Stress 
(fJCC 2-126) 


Factors Influencing Orthostatic and Re-entry 
Intolerance Following Weightlessness Sir.uilation 
(NCA2-OR745 -lOfi ) 


Pharmacologic Countermeasures for Minimizing Post- 
Space Flight Orthostatic Intolerance (NCC 2-232; 
continuation proposals pltinned) 


The Role of Atrial Volume Receptors in the 
Regulation of Body Fluids in llan (Proposed) 


liyperadrenergic States and the Role of Receptor 
Regulation in the Cardiovascular Effects of 
Weightlessness (Proposal in Preparation) 
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Table 5 

Jtenal Function Studies Before and 
.During Bed Rest In 55 to 65 year old Male Volunteers 
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PHARMACOLOGIC COUNTERMEASURES FOR MINIMIZING 
SPACE FLIGHT-INDUCED ORTHOSTATIC AND REENTRY 

ACCELERATION TOLERANCE 


PROPFIANOLOL-Bi AND 82 BLOCKING 
AGHNT COf/IMONLY USED: 


MAY PREVENT FALLING 
BLOOD PRESSURE BY: 



FOR 

ANGINA 


FOR 

MIGRAINE 



PREVENTING B2-ADRENERGIC 
VASODILATION AND POOLING 
OF BLOOD IN LOWER BODY 


INCREASING CARDIAC OUTPUT 
BY PROLONGING CARDIAC 
FILLING TIME 





ATROPINE-ANTICHOLINERGIC, 
ANTIVAGAL AGENT COMMONLY USED: 


MAY BE USEFUL TO: 



FOR ARRHYTHMIAS 
AND SEVERE 
BRADYCARDIA 



FOR DRYING EXCESS 
LUNG SECRETIONS 



PREVENT REFLEX 
VASOVAGAL 
SYNCOPE 
(BLACKOUT) 



AUGMENT HEARTRATE 
RESPONSE DURING 
ORTHOSTATIC STRESS 


FIGURE 2: Propranolol and Atropine 
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